The raw ESCS data are publicly available at <https://dataverse.harvard.edu/dataverse/ESCS-Data>, and the cleaned data and R scripts used in this study are available at <https://osf.io/cjz8e>

Introduction {#sec001}
============

Over the past few decades, a general consensus has emerged regarding the structure of individual differences in higher order personality traits \[[@pone.0236893.ref001]\]. In this hierarchical model, two superordinate factors (alpha and beta) subsume five broad domains (the Big Five; extraversion, agreeableness, conscientiousness, neuroticism, and openness to experience), which can be subdivided into narrower facets and even narrower nuances \[[@pone.0236893.ref002]--[@pone.0236893.ref004]\]. Similar hierarchical models have been developed for personality pathology \[[@pone.0236893.ref005],[@pone.0236893.ref006]\] and mental disorders more generally \[[@pone.0236893.ref007]\].

Although the field has come to a general agreement concerning the number and content of factors at the higher levels of the hierarchy (but see \[[@pone.0236893.ref008]\]), there is very little consensus regarding the lower-level structure of facets \[[@pone.0236893.ref009]--[@pone.0236893.ref011]\] (for the purposes of this paper, we define a personality facet as any personality trait that is narrower than a domain yet broader than a specific behavioral nuance). Common lower-order measures range from as few as 10 lower-order facets \[[@pone.0236893.ref012]\] to as many as 45 \[[@pone.0236893.ref013]\]. Some of these measures were developed specifically to measure the spaces below each of the Big Five domains (e.g. \[[@pone.0236893.ref010]\]), whereas other measures subdivide the facet space in unique ways that do not correspond closely to the Big Five (e.g. \[[@pone.0236893.ref014], [@pone.0236893.ref015]\]). There is also little agreement about how to name these facets. This leaves room for jingle fallacies in which facet scales with similar labels measure different constructs, as well as jangle fallacies, in which differently-labeled facets measure the same construct \[[@pone.0236893.ref016]\]. Together, these issues have complicated the development of both personality tests and theory \[[@pone.0236893.ref017]\].

Faced with similar problems, the field of genetics has created atlases that allow researchers to easily identify a particular gene's chromosomal region, function, and co-occurrence with other genes (e.g., \[[@pone.0236893.ref018]\]). These atlases help researchers understand individual genes, facilitate communication between scholars, and improve the coherence of research programs. Atlases have similarly been used in clinical personality assessment to standardize interpretation of test scores across clinicians (e.g., \[[@pone.0236893.ref019]\]).

We believe the idea of an atlas can be fruitfully applied to the study of personality facets. A facet atlas could be used as a practical reference guide for researchers or clinicians with personality data or as an investigative resource for researchers exploring questions regarding facet structure. We accordingly created a facet atlas that summarizes the interrelationships between existing facet scales and the associations between facets and the Big Five domains. To do this, we estimated a series of network models that visualize and summarize the patterns of correlations between 268 facet scales from 13 hierarchical personality measures administered to the Eugene-Springfield Community Sample (ESCS; see \[[@pone.0236893.ref020]\]). We addressed three questions to demonstrate the value of this facet atlas for personality assessment and theory. First, to what extent are facets *blended* representations of multiple Big Five domains? Second, which facets compose the *core and periphery* of each Big Five domain? Third, how can this facet atlas be used to better understand *particular constructs and instruments*?

Blended facets {#sec002}
--------------

Personality traits do not have a simple structure \[[@pone.0236893.ref021],[@pone.0236893.ref022]\]. Even measures designed to maximize each facet's correspondence with a single domain often contain facets that have substantial associations with multiple domains \[[@pone.0236893.ref021]\]. For example, although interpersonal warmth is classified as a facet of extraversion in some measures and as a facet of agreeableness in others \[[@pone.0236893.ref010]\], it is a blend of both agreeableness and extraversion \[[@pone.0236893.ref023]\]. As such, the placement of warmth within one or the other of these domains is somewhat arbitrary.

Some domains form a circumplex, where common variance between the two is occupied by meaningful traits \[[@pone.0236893.ref013]\]. This has been well-documented for extraversion (agency) and agreeableness (communion), the domains that organize the interpersonal circumplex \[[@pone.0236893.ref023]--[@pone.0236893.ref025]\]. By capturing all blends of these two domains, this model has allowed interpersonal researchers to identify evidenced-based principles for how dyads interact \[[@pone.0236893.ref026],[@pone.0236893.ref027]\] and has provided interpersonal clinicians with a useful rubric for case formulations about individual patients \[[@pone.0236893.ref028],[@pone.0236893.ref029]\].

One past effort sought to create a circumplicial periodic table of blended facets, using 8 questionnaires assessed in the same dataset as the present study and two questionnaires assessed in a different sample \[[@pone.0236893.ref030]\]. Woods and Anderson (2016) identified 22 common blends and provided a term for each (for example, high conscientiousness and low extraversion was termed cautiousness). Notably, although they found content to represent most Big Five blends, they found very little content measuring either positive blends or contrasts of agreeableness and conscientiousness.

In the present study, we investigate if this finding holds when additional facets are included from other hierarchical personality inventories, and we investigate whether some facets contain blends of three or more Big Five domains. Indeed, some areas between higher-order domains that are currently not well measured. These spaces may be unmeasured because of test development biases favoring simple structure, and improving coverage of these spaces might enhance the comprehensiveness of personality trait measurement. Alternatively, these uncommon blends might reflect necessarily empty space where personality variation largely does not exist \[[@pone.0236893.ref031]\]. This interpretation would spur research into the reasons *why* these spaces are empty (e.g., it may be that few behaviors relate simultaneously to both domains).

Domain cores and peripheries {#sec003}
----------------------------

Not all personality facets relate equally to their parent domain. Some facets are situated conceptually and empirically at a domain's core, as indicated by strong correlations with many other facets within that domain. Imagination, for example, is a core facet of openness that is correlated with most other openness facets (such as absorption and intellect), even though those facets are not correlated with each other \[[@pone.0236893.ref032]\]. Central facets therefore help explain patterns of covariance within a domain (e.g. people who are easily absorbed into their surroundings and those who are intellectual both tend to have vivid imaginations). Although there is general agreement on the gross features of each domain's core, different trait measures are often anchored around different core facets (for a brief review, see \[[@pone.0236893.ref010]\]). The abundance of personality measures in the ESCS provides a unique opportunity to identify a transtheoretical core to each Big Five domain by triangulating across personality facets from many inventories.

In contrast, some facets may be peripherally associated with a domain, as evidenced by weak correlations with the domain's other facets despite conceptual connections to the domain as a whole. For example, traditionalism may be a peripheral facet of conscientiousness that is only moderately correlated with other conscientiousness facets \[[@pone.0236893.ref033]\]. A clear-cut identification of peripheral facets is difficult because metrics for the boundaries between peripheral facets and facets beyond a domain remain unclear. Moreover, because different instruments measure different facets \[[@pone.0236893.ref010],[@pone.0236893.ref034]\], researchers interested in comprehensively identifying domain peripheries must simultaneously examine facets from many different instruments.

Nevertheless, charting the periphery of trait domains can provide important insights into personality structure and potentially improve prediction in applied settings. Some research suggests that facet level scales are better predictors of certain outcomes than the Big Five domains (\[[@pone.0236893.ref022], [@pone.0236893.ref033]\], but see \[[@pone.0236893.ref035]\]). This would be particularly likely when facet scales contain specific outcome-related variance that is averaged-out when computing broader domain scores. As peripheral facets are less strongly associated with the core of a domain, they may be especially likely to contain unique variance not shared with the domain scale. Identifying the peripheral facets of a domain thus allows researchers to measure combinations of facets that contain unique variance, potentially improving the predictive power of trait models.

Targeted understanding of particular facets or measures {#sec004}
-------------------------------------------------------

Just as geneticists can use atlases to understand how different genes relate to one another, personality researchers could use a trait atlas to better understand a particular measure by examining its associations with other measures and its positioning within a domain. For example, a researcher interested in impulsivity could consult a facet atlas to investigate 1) the correlations between various impulsivity scales, 2) the extent to which impulsivity scales reflect blended content of multiple Big Five domains, and 3) whether these impulsivity scales fall in the core or periphery of each Big Five domain \[[@pone.0236893.ref036]\]. Together, this information may clarify cases of jingle and jangle, synthesize past research on impulsivity, and help researchers select impulsivity scales that are tuned for testing their specific hypotheses.

A facet atlas also allows researchers to test hypotheses concerning the structure of particular measures. The content of a personality measure reflects the joint effect of its creator's beliefs about personality structure and evidence regarding those beliefs \[[@pone.0236893.ref017]\]. For example, the Big Five Aspects Scales (BFAS) were designed to measure two maximally distinct aspects within each of the Big Five domains \[[@pone.0236893.ref012]\]. In essence, the BFAS presents the hypothesis that variation within each Big Five domain can be summarized by two empirically-identified facets. It follows that 1) each scale should parsimoniously cover much of the domain's space, 2) the two scales within a domain should be maximally distinctive from one another, and 3) each scale should be associated only with the domain it is intended to measure. The ESCS affords a relatively theory-neutral environment to test these structural theories because it contains scales from many personality measures.

Examining facets using a network approach {#sec005}
-----------------------------------------

In this study, we created a facet atlas by estimating and visualizing a series of network graphs. As the application of network modeling to the study of personality is relatively new, we offer a brief overview of this approach (for a more thorough review, see \[[@pone.0236893.ref037]\]). Network graphs visualize the connective patterns (e.g., correlations) among a set of variables. In personality networks, variables represented by circles (called nodes) are connected by lines (edges) that vary in width depending on the strength of correlation between the two variables. The nodes and edges are plotted in a two-dimensional space, such that nodes with similar patterns of correlation are plotted near one another, and nodes with dissimilar patterns of correlation are plotted farther apart \[[@pone.0236893.ref038]\]. Furthermore, nodes that correlate strongly with many other nodes are placed at the center of a network, whereas nodes with weaker correlations are placed nearer the periphery. Finally, centrality indices are computed that summarize each node's position in the network.

Although cross-sectional personality network graphs and correlation matrices are based on the same information, network graphs present complex correlation patterns spatially, highlighting relevant information and summarizing each variable's correlations with all other variables in the matrix. For instance, the core of a personality domain, which can be represented as the facets that are most strongly correlated overall with the other facets in the network, is visualized by placing strongly connected facets at the center of a network. The core or peripheral placement of a facet is thus much more easily identifiable in a network graph than in a large correlation matrix (which, in this study, would require 30 sheets of paper to display).

Network graphs also provide a complementary approach to factor analyses. Factor analysis allows researchers to distill a large covariance matrix into a smaller factor structure that captures the main dimensions of variability among items, such as the Big Five. Conversely, network graphs retain focus on the lower-level variables (in this case facets). As such, network visualizations depict individual variable-to-variable correlations, which are not the focus of factor analytic results. In sum, the workhorse of personality is the correlation matrix, and network models are a useful tool that facilitate the understanding of large, complex correlation matrices and complement factor analyses.

The present study {#sec006}
-----------------

In the present study, we used a network approach to examine patterns of correlation between 268 facets measured in 13 personality questionnaires that were administered to the ESCS. We estimated a network for each Big Five domain according to the results of an exploratory factor analysis of 268 facet scales. We visualized these networks to create a facet atlas, presented in this manuscript and as an online shiny app (<https://tedschwaba.shinyapps.io/appdata/>). We then explored how this atlas can be used to investigate blended personality facets as well as the core and periphery of each Big Five domain. Finally, we showcase how this facet atlas can be used to better understand particular constructs by examining facets measuring impulsivity, and we illustrate how it can test structural hypotheses contained within measures by examining the Big Five Aspect Scales.

Methods {#sec007}
=======

Participants {#sec008}
------------

ESCS participants were recruited through a mailed invitation in 1993 and completed a variety of personality questionnaires sent in separate mailers beginning in 1993 (N = 1,134), with 88% retention over the following 10 years. In 1993, participants ranged in age from 18--85 (M = 49.67, SD = 13.08), and 34.7% of participants were ages 40--49. The sample was composed of 57% women, 98.4% European-Americans, and 59% of participants had at least a college degree. The ethnic and geographical homogeneity of the ESCS limit the generalizability of results, as we note in the discussion section. The number of participants varies by scale, as questionnaires were over a period of 2 decades. The items in some scales were administered over a period of multiple years, leading some facet scales within the same questionnaire to have different sample sizes.

Measures {#sec009}
--------

In this study, we included omnibus scales with either explicit hierarchical structure, hierarchical structure validated in other studies, or that measure many traits, such that each trait would approximate the scope of a facet. We present these measures in [Table 1](#pone.0236893.t001){ref-type="table"}. Information for each facet scale, including N, alpha, and Big Five factor loadings, is available online at <https://osf.io/f47xu/>, and a correlation matrix of all facets is available at <https://osf.io/w682t/>.

10.1371/journal.pone.0236893.t001

###### Measures in the present study.

![](pone.0236893.t001){#pone.0236893.t001g}

  Scale                                                                      Reference                                           Year(s)      N          N items                                    N facets
  -------------------------------------------------------------------------- --------------------------------------------------- ------------ ---------- ------------------------------------------ ------------------------------------------
  Abridged Big Five Circumplex (AB5C)                                        \[[@pone.0236893.ref009],[@pone.0236893.ref013]\]   1994--1996   795--917   485                                        45
  Big Five Aspects Scales (BFAS)                                             \[[@pone.0236893.ref012]\]                          1994--1996   905--945   98[^a^](#t001fn001){ref-type="table-fn"}   10
  Big Five Inventory (BFI)                                                   \[[@pone.0236893.ref039]\]                          1998         703        35                                         10
  Behavioral Inhibition System/Behavioral Approach System Scales (BIS/BAS)   \[[@pone.0236893.ref040]\]                          2003         734        20                                         4
  California Personality Inventory (CPI)                                     \[[@pone.0236893.ref014]\]                          1994         792        462                                        20
  HEXACO Personality Inventory                                               \[[@pone.0236893.ref008]\]                          2003         737        192                                        24
  Hogan Personality Inventory (HPI)                                          \[[@pone.0236893.ref041]\]                          1997         739--742   193                                        35[^b^](#t001fn002){ref-type="table-fn"}
  Jackson Personality Inventory-Revised (JPI-R)                              \[[@pone.0236893.ref042]\]                          1999         712        300                                        15
  Multidimensional Personality Questionnaire (MPQ)                           \[[@pone.0236893.ref043]\]                          1999         733        276                                        11
  NEO Personality Inventory-Revised (NEO-PI-R)                               \[[@pone.0236893.ref044]\]                          1994         857        240                                        30
  Six Factor Personality Questionnaire (6FPQ)                                \[[@pone.0236893.ref045]\]                          1999         714        108                                        18
  Sixteen Personality Factor Questionnaire, Fifth Edition (16PF)             \[[@pone.0236893.ref046]\]                          1996         680        185                                        16
  Temperament and Character Inventory                                        \[[@pone.0236893.ref047]\]                          1997         727        295                                        30

^a^ = The BFAS scale includes 100 items total, 2 of which were not measured in the ESCS.

^b^ = In this study, we omitted nine HPI facets (science ability, intellectual games, education, math ability, good memory, reading, self-focus, impression management, appearance) that measured ability, as these scales did not correlate highly with other facet scales.

Analytic strategy {#sec010}
-----------------

Analyses were conducted in R \[[@pone.0236893.ref048]\] using the packages psych \[[@pone.0236893.ref049]\] and qgraph \[[@pone.0236893.ref050]\]. The raw ESCS data are publicly available at <https://dataverse.harvard.edu/dataverse/ESCS-Data>, and the cleaned data and R scripts used in this study are available at <https://osf.io/cjz8e>.

Before visualizing this facet atlas, we first organized all 268 ESCS facets into the Big Five domains using exploratory factor analysis with oblimin rotation. All facets with factor loadings greater than \|.25\| were included in that domain. This threshold was chosen after reviewing the results of the factor analysis because it offered the best balance between our desires to include some facets in multiple domains and exclude facets with minimal conceptual and empirical association to a given domain. Two facets, HPI Not Autonomous and HPI Not Spontaneous, did not load .25 on any domain and thus were not included in any network. This .25 factor loading threshold can be changed in the online app.

For each Big Five domain, we then estimated a full (rather than partial) correlation matrix, using pairwise deletion, which described associations among facets. Although psychological network research often uses partial correlation methods \[[@pone.0236893.ref051]\], we estimated full correlation matrices for each network. A partial correlation estimates the association between a predictor and outcome while controlling for all other predictor-outcome associations in the network. In the present case, many scales in each network measured the same, or highly similar constructs (e.g. there were multiple sociability scales in the extraversion network) As such, the partial correlation between CPI *sociability* and HPI *likes parties* would be estimated while controlling for HEXACO *sociability*, removing important sociability-related variance and rendering results uninterpretable (see \[[@pone.0236893.ref052]\]). Controlling for this variance also removes meaningful patterns of correlation that arise from common latent factors (i.e. the Big Five, \[[@pone.0236893.ref053]\]) and makes the overall network structure less stable and replicable \[[@pone.0236893.ref054]\]. Thus, for this study, bivariate correlations were more appropriate than partial correlations.

We also corrected all associations for measurement error. Measurement error deflates correlations measured with lower reliability and is partly a function of instrument length, such that shorter instruments are typically less reliable \[[@pone.0236893.ref055]\]. Because the facet scales in this study varied in length from 1 to 46 items, it was especially important to correct for measurement error due to scale length. As we lacked item-level information for some scales, we applied a rough correction for unreliability using Cronbach's alpha \[[@pone.0236893.ref056]\]; see <http://ipip.ori.org/newMultipleconstructs.htm> for a list of scale alphas calculated using item-level ESCS data). This correction for unreliability can be toggled in the online app. Because some ESCS scales were administered years apart from one another, we note that some correlations may remain somewhat attenuated (see \[[@pone.0236893.ref057]\]).

Finally, we estimated the most central and peripheral facets for each Big Five domain by calculating each facet's network strength centrality. Strength is the sum of the absolute values of all correlations that each facet has with all other facets in a network \[[@pone.0236893.ref058]\]. In this study we calculate strength as the average of all correlations so that this metric is comparable across Big Five domains and with other networks. Facets with higher strength are relatively strongly associated with the other facets in a network, so we consider them to be core. This approach to defining the core of a network is conceptually similar to previous research that has argued that core facets have the highest loadings on a latent domain factor (e.g., \[[@pone.0236893.ref059]\]), and we examine if this is empirically true, as well. The converse logic applies to peripheral facets. Despite substantial factor loadings on the overall Big Five domain, peripheral facets have low network strength and are weakly associated with the other facets in a domain.

Past research has highlighted the importance of estimating centrality index reliability \[[@pone.0236893.ref037]\]; although this is less of an issue when estimating networks from full correlations \[[@pone.0236893.ref054]\]. To construct 95% confidence intervals for each facet's strength, we adapted code from the bootnet package \[[@pone.0236893.ref037]\] and simulated 1,000 bootstrapped iterations of each network. This code is available at <https://osf.io/9j3pm/>.

Results {#sec011}
=======

Network visualization and shiny app {#sec012}
-----------------------------------

In Figs [1](#pone.0236893.g001){ref-type="fig"}--[5](#pone.0236893.g005){ref-type="fig"}, we present a facet atlas, which displays the intercorrelations between the facets in each Big Five domain in rich network-based visualizations. For more information, we offer a point-and-click online app, hosted at <https://tedschwaba.shinyapps.io/appdata/>. In this app, users can explore a full network of all 268 facets, adjust the threshold for blended facets, and toggle the correction for measurement error. The app also displays complete descriptive information for all facet scales and allows users to visualize networks in terms of strength centrality. In the following sections, we describe how this facet atlas can be used to address major questions about the lower-level structure of personality outlined in the introduction.

![Extraversion facet network.](pone.0236893.g001){#pone.0236893.g001}

![Agreeableness facet network.](pone.0236893.g002){#pone.0236893.g002}

![Conscientiousness facet network.](pone.0236893.g003){#pone.0236893.g003}

![Neuroticism facet network.](pone.0236893.g004){#pone.0236893.g004}

![Openness facet network.](pone.0236893.g005){#pone.0236893.g005}

Blended facets {#sec013}
--------------

Results of the factor analysis suggested that the majority of facets (157 of 268, or 58.5%) contained a blended loading pattern with multiple factor loadings greater than \|.25\| (excluding the 40 AB5C facets designed to blended, 55.3% of facets were blended). Furthermore, 18 facets displayed blends with three domains, two facets displayed blends with four domains (BFAS *assertiveness* and J6F *self-reliance*) and one facet displayed blends with all five domains (CPI *dominance*). Blends with agreeableness (88 blends) were most common, followed by neuroticism (81), extraversion (76), openness (52) and conscientiousness (48). We summarize these patterns in [Table 2](#pone.0236893.t002){ref-type="table"} and visualize each facet's blendedness in Figs [1](#pone.0236893.g001){ref-type="fig"}--[5](#pone.0236893.g005){ref-type="fig"}.

10.1371/journal.pone.0236893.t002

###### Summary of blended facet scales.
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  Blend     Number of scales   Example facets
  --------- ------------------ --------------------------------------------------
  E, A      22                 NEO-PI-R Warmth, HEXACO Social Boldness
  E, C      10                 AB5C Cautiousness, NEO-PI-R Activity
  E, N      12                 TCI Shyness with Strangers, MPQ Well-Being
  E, O      5                  AB5C Introspection, TCI Exploratory Excitability
  A, C      4                  HEXACO Fairness, AB5C Rationality
  A, N      35                 BFAS Volatility, BFI Compliance
  A, O      11                 16PFQ Sensitivity, JPI-R Risk Taking
  C, N      13                 NEO-PI-R Impulsiveness, BFAS Orderliness
  C, O      15                 MPQ Achievement, CPI Flexibility
  N, O      8                  CPI Psychological-Mindedness, AB5C Tranquility
  E, A, C   2                  J6F Dominance, HPI Leadership
  E, A, N   6                  NEO-PI-R Trust, HEXACO dependency
  E, A, O   2                  CPI Self-Acceptance, J6F Autonomy
  E, N, O   4                  CPI Capacity for Status, NEO Feelings
  A, C, O   2                  16PFQ Rule-Consciousness, HPI Impulse Control
  A, N, O   1                  CPI Independence
  C, N, O   1                  TCI Purposefulness

Blended facets = factor loadings \> \|.25\| on multiple factors. E = Extraversion. A = Agreeableness. C = Conscientiousness. N = Neuroticism. O = Openness. NEO-PI-R = NEO-Personality Inventory-Revised. AB5C = Abridged Big Five Circumplex. TCI = Temperament and Character Inventory. MPQ = Multiphasic Personality Questionnaire. BFAS = Big Five Aspects Scales. BFI = Big Five Inventory. 16PFQ = 16 Personality Factors Questionnaire. JPI = Jackson Personality Inventory-Revised. J6F = Jackson Six Factor Questionnaire. HPI = Hogan Personality Inventory. CPI = California Personality Inventory.

Facets with similar patterns of blendedness tended to cluster together, meaning that they had similar patterns of correlation with other facets in the network. For example, the top of the extraversion network contained a group of facets that were blends of extraversion, agreeableness, and low neuroticism. Positive and contrasting blends generally repulsed each other within a network, illustrating circumplex-like constellations. For example, the bottom-left side of the openness network contained facets with a contrasting blend of high openness and low agreeableness (such as 6FPQ *autonomy*), but the upper-right of the openness network contained facets with a positive blend of high openness and high agreeableness (such as 16PF *sensitivity*).

Core and peripheral facets {#sec014}
--------------------------

In Figs [1](#pone.0236893.g001){ref-type="fig"}--[5](#pone.0236893.g005){ref-type="fig"}, nodes are labeled according to their strength, ranked from strongest to weakest. In Figs [6](#pone.0236893.g006){ref-type="fig"}--[10](#pone.0236893.g010){ref-type="fig"}, we visualize network strength for each network's 10 most core and 10 most peripheral facets. Strength estimates for all facets in each network are available at <https://osf.io/cjz8e>. Strength centrality estimates were highly correlated with the absolute value of factor loadings on that domain. Correlations were .82 for extraversion, .76 for agreeableness, .86 for conscientiousness, .79 for neuroticism, and .71 for openness

![The most strongly and weakly connected facets in the extraversion network.](pone.0236893.g006){#pone.0236893.g006}

![The most strongly and weakly connected facets in the agreeableness network.](pone.0236893.g007){#pone.0236893.g007}

![The most strongly and weakly connected facets in the conscientiousness network.](pone.0236893.g008){#pone.0236893.g008}

![The most strongly and weakly connected facets in the neuroticism network.](pone.0236893.g009){#pone.0236893.g009}

![The most strongly and weakly connected facets in the openness network.](pone.0236893.g010){#pone.0236893.g010}

As can be seen in these figures, there were large differences in strength between the most peripheral facets and the most core facets. However, within each network's core, no single scale or construct stood out as being most central. For example, within the set of the strongest agreeableness facets were scales measuring interpersonal warmth, altruism, and compassion, three related but distinct constructs. Possible exceptions were the neuroticism network, with core facets representing emotional reactivity and anxiety \[[@pone.0236893.ref012]\] and the extraversion network, with core facets primarily representing sociability \[[@pone.0236893.ref059]\].

The periphery of each domain's network was also heterogenous in content and often contained blended facets. For example, the periphery of the conscientiousness network was composed of facets measuring diverse constructs including values (blended with openness), activity (blended with extraversion), and leadership (blended with extraversion and agreeableness). Overall, few facets appeared to be in conceptually unrelated networks where they did not belong, supporting our decision to use a factor loading of \>\|.25\| for domain inclusion.

Impulsivity in this facet atlas {#sec015}
-------------------------------

This facet atlas can be used as a practical resource to understand a single measure or construct in more depth. We illustrate this by examining impulsivity. In the ESCS, four facet scales are labeled as some variant of impulsivity: NEO *impulsiveness*, TCI *impulsiveness*, AB5C *impulse control*, and HPI *impulse control*. These four scales had intercorrelations that ranged from .22 to .44 ([Table 3](#pone.0236893.t003){ref-type="table"}), indicating that these scales measure a heterogenous set of constructs \[[@pone.0236893.ref036]\]. Accordingly, each impulsivity scale had a different blend of factor loadings: AB5C *impulse control* appeared in the neuroticism (factor loading = -.49) and extraversion (-.42) networks, NEO *impulsiveness* appeared in the neuroticism (.47) and conscientiousness (-.32) networks, HPI *impulse control* appeared in the agreeableness (.33), conscientiousness (.30) and openness (-.33) networks, and TCI *impulsiveness* appeared in the extraversion (.27) and conscientiousness (-.49) networks. This suggests that each of the scales besides AB5C *impulse control* measures conscientiousness-related features, and AB5C *impulse control* and NEO *impulsiveness* measure clinically relevant neuroticism-related features.

10.1371/journal.pone.0236893.t003

###### Correlations between measures of impulsivity.
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                               1      2      3      4
  ---------------------------- ------ ------ ------ ------
  1\) AB5C Impulse Control            .43    -.65   -.34
  2\) HPI Impulse Control      .32           -.48   -.48
  3\) NEO PI-R Impulsiveness   -.44   -.32          .33
  4\) TCI Impulsiveness        -.26   -.35   .22    

N ranges from 727 to 900 across measures. All correlations are significant at *p* \< .001. Correlations above the diagonal are corrected for measurement error using alpha. AB5C = Abridged Big Five circumplex. HPI = Hogan Personality Inventory. NEO PI-R = NEO Personality Inventory--Revised. TCI = Temperament and Character Inventory.

We turned to this facet atlas to better understand how these impulsivity scales relate to conscientiousness. In the conscientiousness network, HPI *impulse control* (strength = 22.15, 95% CI \[19.77, 24.41\]), NEO *impulsiveness* (strength = 21.34, 95% CI \[18.49, 24.32\]) and TCI *impulsiveness* (strength = 21.22, 95% CI \[18.69, 23.66\]) occupied similar, peripheral network positions, ranked 45^th^, 50^th^, and 51^st^ in network strength out of 70 facets, respectively. Researchers interested in predicting conscientiousness-related outcomes may therefore benefit from measuring impulsiveness using either of these three scales, as they may contribute additional predictive variance compared to core conscientiousness scales. This facet atlas also provides insight into the scales' content. HPI *impulse control* was located near conscientiousness facets that measure deliberation, dutifulness, and cautiousness, suggesting this scale emphasizes the behavioral constraint components of impulsivity \[[@pone.0236893.ref036]\]. NEO *impulsiveness* was located near facets that measure moderation and prudence, suggesting that this scale emphasizes sensation-seeking components of impulsivity \[[@pone.0236893.ref036]\]. Finally, TCI *impulsiveness* was located near facets that measure flexibility and traditionalism, suggesting that this scale emphasizes components of impulsivity broadly related to rule-following and norm adherence. These differences indicate a jingle issue, where three distinct constructs are being operationalized as impulsiveness. Researchers interested in studying impulsiveness may benefit from considering these components separately or in tandem \[[@pone.0236893.ref060]\], and from paying close attention to the scales used in past research on impulsiveness.

The two impulsiveness scales with substantial loadings on neuroticism, AB5C *impulse control* (strength = 32.23, 95% CI \[28.49, 36.13\]) and NEO *impulsiveness* (strength = 34.49, 95% CI \[30.05, 38.61\]) occupied an intermediate space between the core and periphery of neuroticism, ranked 57^th^ and 42^nd^ in strength out of 107 facets. This indicates that impulsiveness as measured by these scales is moderately related to other neuroticism facets. AB5C *impulse control* and NEO *impulsiveness* also occupied similar network positions in the neuroticism network, demonstrating that these scales measure similar neuroticism-related content, despite their moderate correlation (*r* = .44). Nearby neuroticism facets measure constructs such as volatility, angry hostility, and (low) cool-headedness, indicating that these two scales include components of both general affective reactivity and quickness to anger \[[@pone.0236893.ref061]\], which appears to be omitted from the TCI *impulsiveness* scale and HPI *impulse control* scale.

The BFAS in this facet atlas {#sec016}
----------------------------

A facet atlas can be used to evaluate the implicit theories of trait structure inherent in most personality instruments. We illustrate this feature by examining the network placement of facets measured in the Big Five Aspects Scales (BFAS; \[[@pone.0236893.ref012]\]). We note that the BFAS was created by factor-analyzing the AB5C and NEO-PI-R scales in the ESCS dataset. However, the present analyses include correlational patterns with 191 additional facet scales, revealing new information about how the BFAS scales measure personality traits.

Because the BFAS was created by factor analysis, the two aspect scales for each of the Big Five should both parsimoniously cover much of the domain's space. This can be evaluated by examining whether each domain's aspect scales fall within its core. This was the case for each of the five domains (see Figs [1](#pone.0236893.g001){ref-type="fig"}--[6](#pone.0236893.g006){ref-type="fig"}). The most peripheral aspect scale was *orderliness* (ranked 21st of all 70 facet scales in the conscientiousness network). Each domain's aspect scales did not differ significantly in strength from one another, suggesting that both scales were equally core (i.e. no aspect was "more important" than the other).

A consequence of the specific factor-analytic procedure used to derive the BFAS is that, because the two aspect scales in each domain were rotated to be orthogonal, they should each measure distinctly different content. This can be evaluated by examining how far apart the two aspects are within each domain's network, as scales that have similar patterns of correlations with other facets will occupy network positions close to one another. Results indicated that the two BFAS aspect scales in each domain were indeed placed relatively far apart from one another (while still remaining in the domain's core), supporting the idea that these scales cover a relatively broad content area within each domain.

We also explored the extent to which BFAS aspect scales contained blended content from multiple Big Five domains. Results indicated that six out of 10 aspect scales were exclusively associated with a single domain, whereas four scales (*assertiveness*, *industriousness*, *intellect*, and *openness*) were associated with multiple domains at a cutoff of \|.25\|. Most notably, BFAS *assertiveness* was a blend of four Big Five domains: extraversion, (low) agreeableness, openness, and conscientiousness. This suggests that, although each aspect scale was derived using items that measured a single domain, some are not factor-pure markers of a single domain \[[@pone.0236893.ref062]\].

Discussion {#sec017}
==========

In this study, we created a facet atlas to organize and summarize the current state of facet-level personality trait measurement. To illustrate the utility of this atlas, we examined the prevalence of blended facets, identified core and peripheral facets for each of the Big Five, and explored how researchers can use this facet atlas to better understand particular constructs and measures. In what follows, we discuss implications of this research for applied personality assessment and our conceptual understanding of personality trait structure.

The prevalence of blended facets {#sec018}
--------------------------------

Most scales (59%) contained a blend of multiple Big Five domains. Although we are certainly not the first to point out the lack of simple structure in the personality hierarchy (see \[[@pone.0236893.ref011],[@pone.0236893.ref015],[@pone.0236893.ref030]\]), basic and applied personality researchers seem reluctant to incorporate this complex, blended reality into personality assessment and theory, as evidenced by the simple structure implied in most non-circumplicial personality measures (e.g. \[[@pone.0236893.ref008],[@pone.0236893.ref010],[@pone.0236893.ref012]\]). More fully acknowledging the prevalence of blended content in facet scales can increase commensurability between measures and improve structural theories.

Results also indicated that three specific domain combinations were commonly represented through blends. One of these, the blend between agreeableness and extraversion, reflects the well-known interpersonal circumplex \[[@pone.0236893.ref023]\]. Two other blends, between agreeableness and neuroticism and between conscientiousness and openness, were also common but have been given less empirical attention. Blends of agreeableness and neuroticism may form a circumplex measuring interpersonal affective tendencies \[[@pone.0236893.ref031]\]. Conceptualizing such a circumplex may be useful in the diagnosis and treatment of interpersonal problems. The blend between conscientiousness and openness may form a circumplex based around a person's value system (high C high O = ego development, High C low O = rigidity, low C high O = unconventionality, low O low C = disengagement). This circumplex may be useful for understanding humanistic aspects of personality and may aid in synthesizing Big Five personality research with that on ego development (e.g., \[[@pone.0236893.ref063]\]).

Two particular types of facet blends, between extraversion and openness, and between agreeableness and conscientiousness, were uncommon in this facet atlas. This finding was relatively surprising, as these two pairs of domains are typically intercorrelated \[[@pone.0236893.ref004], [@pone.0236893.ref013]\]. The paucity of blends between facets of extraversion and openness does not appear to reflect empty space, as we did identify a few positive blends (TCI exploratory excitability and AB5C leadership) and a few contrasting blends (AB5C introspection and sociability). Also, past circumplicial research has also found that facets measuring ingenuity, creativity, and bold leadership measure a blend of high openness and high extraversion \[[@pone.0236893.ref030],[@pone.0236893.ref064]\]. Rather, it seems that scales measuring blends of extraversion and openness are just uncommon. Developing scales that explicitly measure a blend of these traits may be useful, as they form the metatrait of plasticity and have been theorized to function in tandem as part of the approach system \[[@pone.0236893.ref065]\]. In comparison, the lack of blended content between agreeableness and conscientiousness may reflect trait space that is necessarily sparser. We found one negative blend (AB5C rationality) and three positive blends (AB5C dutifulness, AB5C morality, and HEXACO fairness), and other research has similarly struggled to identify blended content between these two traits \[[@pone.0236893.ref065]\]. We note that each of these four facets connotes some sort of interpersonally-focused rule adherence, which is a common behavior in everyday life but does not seem to be well-encoded into the language of stable individual differences (as evidenced by the fact that we cannot identify a single-adjective term to describe this kind of behavior). Future research may wish to further delve into the personality space occupied by a blend of agreeableness and conscientiousness, and to develop scales that explicitly measure this content. Doing so could augur a more comprehensive approach to personality assessment.

The cores of each domain {#sec019}
------------------------

We identified the most core and peripheral facets in each Big Five domain by computing each facet's strength within the respective network. A heterogenous set of facets characterized the five domain cores. For example, the core of conscientiousness contained facets measuring content including mastery, purposefulness, and organization. These findings identify cases of jingle and jangle in facet names. For example, AB5C *sociability* was located in the core of extraversion and JPI *sociability* was in the periphery, though they share the same name. This pattern of findings also highlights the inherent difficulty in identifying a single conceptual "core" for each of the broad Big Five domains. Rather, a domain's core may be best understood as collection of facets, and the positioning of facets may be best done in relative terms (e.g. as "more core" or "more peripheral" than another facet.)

We also found that, within each domain, network centrality estimates were highly correlated with the absolute value of factor loadings in that domain (rs = .71-.86). The magnitude of this correlation, though smaller than the near-unity correlations between these two parameters when estimated in simulation studies \[[@pone.0236893.ref066]\], suggests that similar information is gleaned from both kinds of analyses (we note that the simulations estimated networks based on partial correlations, whereas we estimated networks based on full correlations). The major source of discrepancy between the two estimates likely comes from the fact that factor analysis summarize how facets are similar in terms of their associations with a single broader Big Five domain, whereas strength centrality estimates summarize all sources of similarity and difference between each pair of facets. For example, TCI social acceptance and AB5C empathy both load strongly on a latent agreeableness factor, but this association is made even stronger by virtue of a shared secondary loading on openness, which is solely captured in network strength estimates. Overall, this overlap between factor analytic and network analytic results suggests that the two methodologies share many features, especially when network analyses are based on cross-sectional correlations.

The peripheries of each domain {#sec020}
------------------------------

Whereas much attention has been paid to identifying the cores of each of the Big Five domains, this study was one of the first to examine the peripheral facets of the five domains. Results indicated that each domain contained substantial peripheral content that was covered by few measures. Along with past research \[[@pone.0236893.ref034], [@pone.0236893.ref036]\], this suggests that most modern personality measures have idiosyncratic breadth in their content coverage. For example, the NEO-PI-R and HPI measure *trust*, a facet of agreeableness, but the other hierarchical personality measures in the ESCS do not. These differences in peripheral content coverage may account, in part, for the moderate correlations that have been reported for different measures of the same Big Five domain (e.g. as low as *r* = .66 in \[[@pone.0236893.ref010]\]). Future research that focuses on the periphery of the trait domains can help resolve differences in domain scores from different measures, clarify how different instruments are more or less effective at accounting for certain traits, and improve efforts to comprehensively assess personality.

Limitations {#sec021}
-----------

The major limitations of this research involve the composition of the ESCS. The sample is ethnically homogenous; over 98% of participants are white, all are Americans, and most are middle-aged. As the structure of personality traits, especially at the facet level, does not generalize across cultures \[[@pone.0236893.ref067]\] or age groups \[[@pone.0236893.ref068]\], researchers should be cautious when generalizing this atlas to different groups of people. As a broader point, the ESCS has been heavily utilized in past examinations of personality structure (e.g. \[10, 12, 30)\]) because participants have completed such a wide variety of personality measures. The unfortunate side effect of this overreliance on the ESCS and samples with similar composition is that our research on personality structure often excludes broader nonwhite populations, even within the US. To rectify this, future work that collects data used to study personality structure using many facet scales must actively focus on sample diversity (such as \[[@pone.0236893.ref069]\]). We eagerly anticipate future, more representative atlases.

In addition, all of the instruments in this study were self-report questionnaires, and results may differ when using a different method. Additionally, some facet scales were measured with few items, and this brevity introduces measurement unreliability. We corrected for this using each scale's alpha reliability, but this rough correction is relatively conservative and may not restore each correlation to its actual magnitude. As such, correlations between facets measured with brief scales may be somewhat attenuated.

Conclusion {#sec022}
==========

We created a facet atlas that organizes the current state of facet-level measurement by describing connections between different lower-order personality trait scales. A better understanding of facets can assist in individual case formulation \[[@pone.0236893.ref028]\], clarify trends in personality development \[[@pone.0236893.ref070]\], aid in the prediction of important life outcomes \[[@pone.0236893.ref071]\], and refine theories of personality structure \[[@pone.0236893.ref072]\]. Ideally, this atlas can serve as a reference guide to personality scholars of all stripes who wish to use facet scales in research and applied settings.

10.1371/journal.pone.0236893.r001
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Reviewer \#1: The authors present a practical tool for personality psychology and a concise study justifying it. Their walkthrough of exploring impulsivity facets was especially helpful in showcasing the utility of their online app. I have one primary concern and two requests for additional information to be added to supplemental materials.

1\. My biggest concern is that node strength is not an especially informative metric. As far as I have been able to discern from Figures 6-10, for a given domain, a facet's strength only indicates whether it falls into one of two categories: strong or weak. This information is better than nothing. To give the figure more context, it would be helpful to at least add to each figure the maximum allowable strength for facets within the domain. It appears as if between-domain facets differ in their strength (e.g., the strongest Neuroticism facets are stronger than the strongest Conscientiousness facets), but upon closer inspection (which a non-reviewer may not bother with), it is apparent that these differences are due to the number of facets in each domain (e.g., 107 facets in Neuroticism \[and thus a max strength of 106?\], vs. 70 facets in Conscientiousness \[and thus a max strength of 69?\])

Even with the above modification, node strength is not an effect size that is interpretable in and of itself, nor is it comparable across domains or studies; a new, similar study will mostly likely use a different number of within-domain facets than this current one. You should strongly consider an alternative (or additional) metric to node strength---the average of absolute correlations, as opposed to the sum. An average correlation may be found by converting each correlation into a Z value, taking the mean of the Z values for a given facet, and back-transforming the mean Z value into a correlation (see Corey, Dunlap and Burke, 1998 as to why this method is preferred over simply taking the linear mean of correlations). Within a domain, the order of strongest-to-weakest facets should remain largely the same, if not identical, for the average vs. the sum of absolute correlations. However, an average correlation will be an interpretable effect size that is comparable across domains and studies. You should be able to find the confidence intervals of the correlations with a similar bootstrapping method that you used for your node strength intervals.

2\. I am sympathetic to the fact that a full correlation matrix would take 30 sheets of paper to display, and I agree that it's not appropriate to show in the manuscript, but a full matrix would only require one .CSV file in the supplemental materials. Having the full correlation matrix (raw below the diagonal, corrected for attenuation above, as in Table 3) is useful for transparency and replication. For example, without the full correlation matrix, a reader would not be able to replicate your analysis of the four impulsivity facets; they would not be able to reconstruct Table 3. Also, they would not be able to construct a new correlation table of supposedly-similar facets. For performing future analyses, a full correlation matrix is probably as critical as the facet atlas. Please add it (e.g., a .CSV or R data file) to the supplemental materials. I don't think you need to go to the effort of marking whether each correlation is significant (in fact, it's better if the matrix doesn't contain anything besides variable names and correlation values, so it can be easily read by programs like R). You could just make a general statement about significance (e.g., to be conservative, use the minimum N to determine the smallest absolute correlation that would be statistically significant (p\<.05).

3."Before visualizing the facet atlas, we first organized all 268 ESCS facets into the Big Five domains using exploratory factor analysis with oblimin rotation" (p. 10). So you created an aggregated Big Five on which to load all facets. I am curious how, for a given aggregated domain, different measures of that domain load onto it. It is probably the case, for example, that there is variability in how strongly different measures of Conscientiousness load onto your aggregated Conscientiousness factor. This information would also be useful to researchers, and may provide context as to why a facet is peripheral (e.g., its domain is also peripheral to other domain measures or has low loadings on the corresponding aggregated domain), although I acknowledge that this is a bit of a tangent from your paper, so it is my least pressing request for supplemental material.

4\. "All facets with factor loadings greater than \|.25\| were included in that domain." Just to double-check, were there any facets that did not load onto any of the five domains? If so, these facets should be named.

5\. There were a number of punctuation typos scattered throughout the manuscript (e.g., on page 17: "Researchers interested in studying impulsiveness may benefit from considering these components separately or in tandem \[60\]. and from paying close attention to the scales used in past research on impulsiveness"). The draft was well-written, but you should re-read the draft carefully to find these mistakes.

Reviewer \#2: I had mixed reactions to this manuscript. On the whole, I think this is a very useful contribution, and the atlas may be very useful for the personality field. However, I had some methodological questions as I went through it, and I struggled to make the online version of the atlas work in any stable way.

One of the questions I had, was why the title and introduction were framed by network analyses, when so much of the methods were based on factor analysis. To me it seemed like the study couldn\'t be completed without the factor analyses, and indeed much of the findings rested on decisions for the factor analysis. To me it seems like this atlas was at least as strongly based on factor analytic findings as it was on network findings. So, I\'m not sure I think the title accurately reflects what the methods the manuscript relies on.

Another question I had was how much the network incremented or gave different results to what might be gleaned from the factor analytic findings. In other words, is there anything we are learning beyond what we could have learned by looking at the factor loadings in the exploratory factor analysis that the authors ran to decide what facets to include in the network analyses? Given how overlapping these methods are, is one just a visual depiction of the results of the other? I\'d really like to know if there are any meaningful differences between the strength centrality estimates for one domain and the factor loadings for the same domain. In simulation work cited by the authors (Hallquist et al., in press), the correlation between factor loadings and strength centrality is \> .90. And, if there are any meaningful differences why do the authors think those come about and what is their meaning? For instance, are they perhaps due to secondary factors that are not explicitly modeled in the network analysis? Like, are centrality estimates meaningfully impacted by how much secondary content is in a network in a domain? Or how many scales from a particular measure are included? Simulations suggest that additional shared data generating mechanisms (e.g., methods, secondary content) will increase strength centrality estimates. Maybe these are minor relative to the full domain, but that would be interesting to know. A virtue of factor analysis is the ability to partition variance explicitly, but that seems to be something that network analysis can\'t do or struggles to do.

I don\'t know the answer to these questions vis-a-vis these particular analyses, but I found myself wondering about them as I read the paper. I guess one direct implication is that the authors might want to do a better job of highlighting what the unique contribution of each method is to arriving at these conclusions.

I also struggled with the user interface for the online resources. To be clear, I think this is a very useful and exciting contribution, but it wasn\'t clear to me how to use it, and without the manuscript it wouldn\'t be useful as a stand alone app. So I think they authors should spend some time on providing documentation there. Additionally, I was kicked off the server basically every time I tried to change a parameter and play around with it.

In the intro I thought there were some places that presented somewhat caricatured descriptions of factor and network analysis. At other times, in the discussion, it would seem that some of the statements seemed too strong (e.g., like how the network provides a \'stringent test\' of whether aspect scales are maximally distinct, but then this was followed by what sounded like an impressionistic statement of distance looking at the graph).

In sum, I think providing this sort of summary atlas of the structure of many different personality scales is a very useful contribution to the field. I think there is some room in clarifying what the methods used in the study are incrementally adding to each other, but this should be relatively easy for the authors to address in a revision. In particular, I think quite a few readers will likely be interested to know whether there are discrepancies between the findings used across methods, or whether the networks are just visually depicting what the factor analyses already revealed. I hope these comments are helpful in strengthening the presentation of this interesting work.

Sincerely,

Aidan Wright, PhD

Associate Professor

University of Pittsburgh

Reviewer \#3: I\'m glad for the chance to review this work. The manuscript is very well done, and I think it stands to make an important contribution to measurement in personality psychology. This is not trivial, in my opinion, for measurement issues are closely tied to one of the central missions of personality: to defensibly account for the full breadth of psychological individual differences. In fact, I think this project has already succeeded in this respect, as many researchers working in this area are already familiar with it (and like it!).

This last comment is somewhat unusual, coming from a reviewer, so I want to begin by detailing my familiarity and knowledge of this paper. I hope the editor and the authors will take this prior knowledge into account when weighing my review. I also think it means the authors would benefit from feedback from multiple other reviewers, if at all possible. I reviewed this manuscript for another journal last year. Before that I was made aware of the proposed work due to my involvement with a special issue at another journal. Separate from these experiences, two other researchers have contacted me to ask my opinion of this work since submitting my last review. Before accepting this current review assignment, I sent an inquiry to the action editor regarding the possibility of posting an open review alongside the manuscript. I did not hear back, but I would be interested in that option if all parties are amenable.

I think this work should be published because it uses novel statistical methods and a unique, large, publicly-available dataset. I also think it could be made better with some revision. It does not appear that the manuscript has been altered since my last review, at least not substantially, so I will attach that review to this one for the authors\' consideration. I retract point 4 from that review because I now see that it is well-addressed in the main text (previously in a footnote I had overlooked). Of course, I do not think all the points in my review need to be incorporated into the manuscript.

There is one point however that I think must be addressed, and this is the reason why I accepted this review assignment. The sample is 98.4% white. These are basically all white middle-aged homeowners from a small rural area in Oregon. The sample has been used widely among personality psychologists over the last 20 years in order to develop public-domain alternatives of proprietary personality scales. But, there is no solid data showing that the structure of personality based on these data is generalizable. I understand the rationale for calling this tool \"The Facet Atlas\" based on analogous work(s) from genetics, but the analogy is far from perfect. To suggest that this is \*the\* structure of facets is more than just a theoretical discussion about the required scope of cross-validation. I believe it has real, detrimental consequences for the field.

I don\'t feel it would reduce the impact of the manuscript to make this issue a central theme. Currently, it is addressed in passing on line 170 and in more detail on lines 420 to 423. As a digression, please note on lines 422-423 that it is, sadly, a dramatic understatement to say that \"the structure of personality does not generalize perfectly across cultures.\" Not even the Big Five generalizes (see de Raad et al., 2010 and the large related literature on this issue); there is little expectation that the facet- or item-level structure generalizes even moderately across cultures. But that is not a failing of this paper! It is the expected reality of phrased personality items (containing contextualized content) when administered to a diverse range of cultures and sub-cultures.

As I write this review, protestors across the U.S. and beyond are rallying in condemnation of pervasive, systemic racism. My field (personality), my institution, and even my own research program contribute to this persistently, if only on the margins and without intention. One way that diversity and inclusivity can be addressed is to re-evaluate whether the consequences of our claims do more harm than good. I would be remiss if I did not point out (again) that this paper is an opportunity to describe these widely-used data as deeply flawed, and then frame the work as a methodological advancement, ready for application to additional data sets, if/when they become available in the future. And maybe to also call for the urgent need to collect such data! Several research teams are working on this.

Regards,

David Condon

Reviewer \#4: I'll note my identity at the outset as Doug Samuel as this is relevant in terms of possible Conflicts of Interest. Primarily in that I have collaborated with some of these authors recently. I have also worked with Dr. Hopwood on numerous projects in the past and consider him a friend. I also note that my graduate student (Meredith Bucher) and I have been doing somewhat related work in terms of trying to organize facet scales. We have done so using the AB5C framework explicitly (Bucher & Samuel, 2018 in Journal of Personality Assessment; and other Bucher & Samuel that was just accepted pending revisions at Journal of Research in Personality). I don't see either of our papers as competing with the present effort, but do want to be upfront about an possible COIs as I suggest references below.

This is a paper that uses the Eugene Springfield Community Sample (ESCS) to conduct a network analysis of 268 lower-order scales, across 13 personality measures to determine how closely the relate to each other and arrive at an estimate of which content was most common across the different measures. This led to an interesting product of a web-based app that would allow this information to be adapted and used by researchers or clinicians. I found this paper to be clear and easy to read. It had a number of older citations that showed a good command of seminal literature. That said, the authors unfortunately missed some very relevant citations that are key to this paper, including a major one that undertook very similar analyses in this same dataset. Woods and Anderson (2016) also used the ESCS to examine the degree of overlap of facet scales with the ultimate goal of creating a "periodic table of personality" (Woods, S. A., & Anderson, N. R. (2016). Toward a periodic table of personality: Mapping personality scales between the Five-Factor Model and the circumplex model. Journal of Applied Psychology, 101, 582--604.). This Woods and Anderson paper covers much of the same ground as the present paper and as such it simply must be incorporated into the background. My opinion is that there is sufficient differences in method, as well as product that it does not suggest this current paper shouldn't be published, but it will need to be contextualized in terms of what has already been done and compared to those results. I think this becomes most tricky in terms of the wording. That paper aimed to provide a "periodic table of personality" and this one aims for a "personality atlas." IMO, there may be differences there, but they are subtle and the present authors will need to take great care to explain how this is different and/or the same.

Additionally, the authors should consider citing a 2016 editorial by Ziegler & Backstrom that appeared in European Journal of Psychological Assessment (issue 32, pages 105-110) that also took a look at trying to sort through various facets. Another work to consider that is aimed at a similar goal is by David Condon and Bill Revelle. I am honestly not sure what is the best citation for it, but this one might be it (<https://openpsychologydata.metajnl.com/articles/10.5334/jopd.32/>). My understanding was that they were aiming to create an omnibus measure that represented a consensus list of facets across many inventories.

As I mentioned, Meredith Bucher and I have published one paper that created a short form of the AB5C and then used new data to sort major faceted inventories (HEXACO and NEO) into the that context. The AB5C specifically is very relevant to the present paper as the authors repeatedly focus on the circumplex tradition and the promise it holds for understanding facets (page 4 of the present paper)...which is of course the entire idea behind the AB5C, so it would be helpful to cite as support here. In our 2018 paper (JPA; issue 101:1, 16-24) we found that some domain blends were less well-represented than others, so this is quite relevant to current discussion. In particular, our 2nd paper is specifically looked at those facets of the AB5C that weren't performing quite as expected in terms of primary and secondary loadings to see if new items (from the IPIP) would improve this. Interestingly, we find that the specific facet that blends high agreeableness and low conscientiousness was not able to be measured well. We interpret this as being an area of personality space that may well be less populated. We don't go so far as to say its vacant, but the combination of findings across studies suggest there are few, if any, words in the lexicon that map into this space and we couldn't not locate suitable items to measure that combination. In short, it seems to be an area of the personality space that seems to have been uncommon (or unimportant) that it was not encoded into language or common measures. We hope to have this accepted soon, but I'd be happy to share the version informally. As it pertains here, I'd appreciate the authors digging more into those less populated facets in their writing.

As I noted above, the creation of the app was really a nice feature of this paper and I do think it has the possibility to be useful to the field. That, combined with the network analyses are likely sufficiently novel to be a meaningful extension to the literature. The authors would do well to say more about specifically how the network models are different from what was reported in Woods & Anderson (2016).

The authors do a reasonable job of noting the strengths and weaknesses of the ESCS. The demographics are less than ideal, but it has a great set of measures (that is thorough, but not comprehensive). That said, more needed to be said about the complications of correlating measures that were administered up to a decade apart from each other.

This is important as it relies upon the input to dictate the output. These are more "consensus" than completeness (e.g., it won't "resolve" anything"). A key limitation is that the "items in some scales were administered over a period of multiple years" as noted on page 9. Some scales you are correlating are measured a decade apart. What impact might this have? It was also not clear how big the sample was for the network analyses. It is not clear, but I would understand based on the variability in Table 3 that some sort of deletion was used for given correlations. But when this was for the entire collection of measures, did you also use listwise deletion? If so what was the final sample size? Or were missing data imputed?

I also encourage the authors to clearly define what they mean by "core." Given the method, it means here that is the most common within the measures used here. It is NOT the lexical core or mean to be the "center" of the domain. I personally would prefer a term like "consensus" or the "common denominator" as this more clearly reflects what it means. This has important implications for the discussion in particular as the authors wrote "Network theory suggests that change to a network's central nodes may cascade through the rest of the network \[32\]. This idea is appealing to intervention researchers who seek to use focal interventions to enact relatively far-reaching personality change \[66\]. Figures 1-5 provide some guidance about which facets are more or less core, and thus may represent better or worse targets for domain wide change efforts." IMO, this is not necessarily correct. These analyses tell us what is most commonly included among these 13 measures. That doesn't mean they are at the center of the lexical factor, nor that it is causally core in the way that is implied by the above example. We would need more data to make that comparison; ideally longitudinal data.

Similarly, what you call periphery doesn't mean it is "less relevant" (although it might), but here it only means it is less common across these measures. For all we know, a very uncommonly assessed facet might turn out to the be the most "central" or "core" of a domain.

Minor points:

1\. I was not certain of the point of the BFAS-specific focus in the discussion. Why single out the BFAS over any of the other measures?

2\. I was surprised to see the authors correct using Cronbach's alpha. Of course, as the authors know, alpha is not an index of true reliability. Les Morey's address at SPA in San Francisco a few years ago provided a number of examples of how alpha was not a measure of reliability and why correcting using that could lead to skewed estimates of this. Test-retest dependability would be a much stronger correction. In the absence of test-retest over a short period (Watson, 2004), I would encourage the authors to just abandon corrections at all. I realize that may sound extreme so I'd also be content if they simply provided the uncorrected results as well.

3\. On page ?? you say with regard to blended traits that "basic and applied personality researchers seem reluctant to incorporate this complex, blended reality into personality assessment and theory." Can you give an example of the relucatance? I don't personally see such a reluctance, but maybe I'm not clear on what is being communicated.
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Dear Dr. Sudzina,

Please find below our responses to the requested revisions.
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Ted Schwaba, Mijke Rhemtulla, Chris Hopwood, and Wiebke Bleidorn
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Additional Editor Comments (if provided):

Please take time to think which suggestions when implemented in what why will improve the article.

We have responded to all reviewer comments below, and have integrated their suggestions into the manuscript.

\*\*\*

Reviewer \#1:

1\. My biggest concern is that node strength is not an especially informative metric. As far as I have been able to discern from Figures 6-10, for a given domain, a facet's strength only indicates whether it falls into one of two categories: strong or weak. This information is better than nothing. To give the figure more context, it would be helpful to at least add to each figure the maximum allowable strength for facets within the domain. It appears as if between-domain facets differ in their strength (e.g., the strongest Neuroticism facets are stronger than the strongest Conscientiousness facets), but upon closer inspection (which a non-reviewer may not bother with), it is apparent that these differences are due to the number of facets in each domain (e.g., 107 facets in Neuroticism \[and thus a max strength of 106?\], vs. 70 facets in Conscientiousness \[and thus a max strength of 69?\]).

Even with the above modification, node strength is not an effect size that is interpretable in and of itself, nor is it comparable across domains or studies; a new, similar study will mostly likely use a different number of within-domain facets than this current one. You should strongly consider an alternative (or additional) metric to node strength---the average of absolute correlations, as opposed to the sum. An average correlation may be found by converting each correlation into a Z value, taking the mean of the Z values for a given facet, and back-transforming the mean Z value into a correlation (see Corey, Dunlap and Burke, 1998 as to why this method is preferred over simply taking the linear mean of correlations). Within a domain, the order of strongest-to-weakest facets should remain largely the same, if not identical, for the average vs. the sum of absolute correlations. However, an average correlation will be an interpretable effect size that is comparable across domains and studies. You should be able to find the confidence intervals of the correlations with a similar bootstrapping method that you used for your node strength intervals.

We agree that computing strength estimates based on the average correlation, rather than the sum of correlations, is more informative. We have updated Figures 6-10 and the supplemental materials to display strength estimates based on this metric. On p. 12, we now write,

"In this study we calculate strength as the average of all correlations so that this metric is comparable across Big Five domains and with other networks."

2 I am sympathetic to the fact that a full correlation matrix would take 30 sheets of paper to display, and I agree that it's not appropriate to show in the manuscript, but a full matrix would only require one .CSV file in the supplemental materials. Having the full correlation matrix (raw below the diagonal, corrected for attenuation above, as in Table 3) is useful for transparency and replication. For example, without the full correlation matrix, a reader would not be able to replicate your analysis of the four impulsivity facets; they would not be able to reconstruct Table 3. Also, they would not be able to construct a new correlation table of supposedly-similar facets. For performing future analyses, a full correlation matrix is probably as critical as the facet atlas. Please add it (e.g., a .CSV or R data file) to the supplemental materials. I don't think you need to go to the effort of marking whether each correlation is significant (in fact, it's better if the matrix doesn't contain anything besides variable names and correlation values, so it can be easily read by programs like R). You could just make a general statement about significance (e.g., to be conservative, use the minimum N to determine the smallest absolute correlation that would be statistically significant (p\<.05).

On p. 10, we now write,

"A correlation matrix of all facets is available at [https://osf.io/w682t/"](https://osf.io/w682t/”)

3\. "Before visualizing the facet atlas, we first organized all 268 ESCS facets into the Big Five domains using exploratory factor analysis with oblimin rotation" (p. 10). So you created an aggregated Big Five on which to load all facets. I am curious how, for a given aggregated domain, different measures of that domain load onto it. It is probably the case, for example, that there is variability in how strongly different measures of Conscientiousness load onto your aggregated Conscientiousness factor. This information would also be useful to researchers, and may provide context as to why a facet is peripheral (e.g., its domain is also peripheral to other domain measures or has low loadings on the corresponding aggregated domain), although I acknowledge that this is a bit of a tangent from your paper, so it is my least pressing request for supplemental material.

In Figures 1-5, we visualize the Big Five factor loadings for each facet, and these loadings are presented numerically in the supplementary descriptives table. These factor loadings describe how strongly each scale loads onto each factor-analytically derived domain. Readers can use this information to connect each Big Five facet scale to its intended domain and compare these loadings across facets.

4\. "All facets with factor loadings greater than \|.25\| were included in that domain." Just to double-check, were there any facets that did not load onto any of the five domains? If so, these facets should be named.

There were. On p. 11, we now write,

"Two facets, HPI Not Autonomous and HPI Not Spontaneous, did not load .25 on any domain and thus were not included in any network."

5\. There were a number of punctuation typos scattered throughout the manuscript (e.g., on page 17: "Researchers interested in studying impulsiveness may benefit from considering these components separately or in tandem \[60\]. and from paying close attention to the scales used in past research on impulsiveness"). The draft was well-written, but you should re-read the draft carefully to find these mistakes.

To address this comment, we have gone through and proofread the manuscript an additional time, correcting this typo and others.

\*\*\*

Reviewer \#2:

1\. One of the questions I had, was why the title and introduction were framed by network analyses, when so much of the methods were based on factor analysis. To me it seemed like the study couldn\'t be completed without the factor analyses, and indeed much of the findings rested on decisions for the factor analysis. To me it seems like this atlas was at least as strongly based on factor analytic findings as it was on network findings. So, I\'m not sure I think the title accurately reflects what the methods the manuscript relies on.

We agree that the factor analysis in this study was a critically important intermediate step, as it allowed us to empirically categorize each facet into a Big Five network and provided us with information about facet blendedness. However, we believe the main contribution of the present manuscript comes from the final network visualizations. To more accurately communicate that the networks were not solely derived using network analytic methods, we have replaced the title phrase "using network analysis to describe the blends, cores, and peripheries of personality structure" with "visualizing networks that describe the blends, cores, and peripheries of personality structure"

2\. Another question I had was how much the network incremented or gave different results to what might be gleaned from the factor analytic findings. In other words, is there anything we are learning beyond what we could have learned by looking at the factor loadings in the exploratory factor analysis that the authors ran to decide what facets to include in the network analyses? Given how overlapping these methods are, is one just a visual depiction of the results of the other? I\'d really like to know if there are any meaningful differences between the strength centrality estimates for one domain and the factor loadings for the same domain. In simulation work cited by the authors (Hallquist et al., in press), the correlation between factor loadings and strength centrality is \> .90. And, if there are any meaningful differences why do the authors think those come about and what is their meaning? For instance, are they perhaps due to secondary factors that are not explicitly modeled in the network analysis? Like, are centrality estimates meaningfully impacted by how much secondary content is in a network in a domain? Or how many scales from a particular measure are included? Simulations suggest that additional shared data generating mechanisms (e.g., methods, secondary content) will increase strength centrality estimates. Maybe these are minor relative to the full domain, but that would be interesting to know. A virtue of factor analysis is the ability to partition variance explicitly, but that seems to be something that network analysis can\'t do or struggles to do.

To address this comment, we correlated the strength centrality estimates of each network with the factor loadings of the facets in each network. On p. 15, we now write,

"Strength centrality estimates were highly correlated with the absolute value of factor loadings on that domain. Correlations were .82 for extraversion, .76 for agreeableness, .86 for conscientiousness, .79 for neuroticism, and .71 for openness."

On p. 21, we discuss the implications of these results:

"\[W\]ithin each domain, network centrality estimates were highly correlated with the absolute value of factor loadings in that domain (rs = .71-.86). The magnitude of this correlation, though smaller than the near-unity correlations between these two parameters when estimated in simulation studies \[35\], suggests that similar information is gleaned from both kinds of analyses (we note that the simulations estimated networks based on partial correlations, whereas we estimated networks based on full correlations). The major source of discrepancy between the two estimates likely comes from the fact that factor analysis summarize how facets are similar in terms of their associations with a single broader Big Five domain, whereas strength centrality estimates summarize all sources of similarity and difference between each pair of facets. For example, TCI social acceptance and AB5C empathy both load strongly on a latent agreeableness factor, but this association is made even stronger by virtue of a shared secondary loading on openness, which is solely captured in network strength estimates. Overall, this overlap between factor analytic and network analytic results suggests that the two methodologies share many features, especially when network analyses are based on cross-sectional correlations."

3\. I also struggled with the user interface for the online resources. To be clear, I think this is a very useful and exciting contribution, but it wasn\'t clear to me how to use it, and without the manuscript it wouldn\'t be useful as a stand alone app. So I think they authors should spend some time on providing documentation there. Additionally, I was kicked off the server basically every time I tried to change a parameter and play around with it.

We have markedly improved the UI of the app. To specifically address this comment, we have added an "info" tab that provides background information geared to both "Network noobs" (a plain language summary of how the network works) and "Network vets" (technical details akin to those found in the methods section), allowing the app to better stand on its own. We have also updated the R packages in the app to their latest versions, leading to fewer server disconnects (although disconnects sometimes still occur when multiple users use the app at once, which is unfortunately a drawback of shiny apps in general). As a workaround, users can now download and run an offline version of the app, and instructions for how to do this are on the info tab.

Additionally, we have expanded the descriptive information provided about each facet, which is now included in a tab labeled "descriptives," and we have reworked the UI of the main page so that the networks look prettier and it is easier for users to connect facet numbers to names.

4\. In the intro I thought there were some places that presented somewhat caricatured descriptions of factor and network analysis.

We have revised these instances to more accurately summarize the similarities and differences between these two methods while retaining the manuscript's readability to a more general audience. For example, on p. 8, we now summarize the two methods as follows,

"Network graphs also provide a complementary approach to factor analyses. Factor analysis allows researchers to distill a large covariance matrix into a smaller factor structure that captures the main dimensions of variability among items, such as the Big Five. Conversely, network graphs retain focus on the lower-level variables (in this case facets). As such, network visualizations depict individual variable-to-variable correlations, which are not the focus of factor analytic results."

5\. At other times, in the discussion, it would seem that some of the statements seemed too strong (e.g., like how the network provides a \'stringent test\' of whether aspect scales are maximally distinct, but then this was followed by what sounded like an impressionistic statement of distance looking at the graph).

We have revised the discussion section so that the strength of our statements are better calibrated to our tests of those statements. Regarding the reviewer's specific example, we now write on p. 18 that

"A consequence of the specific factor-analytic procedure used to derive the BFAS is that, because the two aspect scales in each domain were rotated to be orthogonal, they should each measure distinctly different content. This can be evaluated by examining how far apart the two aspects are within each domain's network, as scales that have similar patterns of correlations with other facets will occupy network positions close to one another. Results indicated that the two BFAS aspect scales in each domain were indeed placed relatively far apart from one another (while still remaining in the domain's core), supporting the idea that these scales cover a relatively broad content area within each domain."

\*\*\*

Reviewer \#3:

1\. There is one point however that I think must be addressed, and this is the reason why I accepted this review assignment. The sample is 98.4% white. These are basically all white middle-aged homeowners from a small rural area in Oregon. The sample has been used widely among personality psychologists over the last 20 years in order to develop public-domain alternatives of proprietary personality scales. But, there is no solid data showing that the structure of personality based on these data is generalizable. I understand the rationale for calling this tool \"The Facet Atlas\" based on analogous work(s) from genetics, but the analogy is far from perfect. To suggest that this is \*the\* structure of facets is more than just a theoretical discussion about the required scope of cross-validation. I believe it has real, detrimental consequences for the field.

I don\'t feel it would reduce the impact of the manuscript to make this issue a central theme. Currently, it is addressed in passing on line 170 and in more detail on lines 420 to 423. As a digression, please note on lines 422-423 that it is, sadly, a dramatic understatement to say that \"the structure of personality does not generalize perfectly across cultures.\" Not even the Big Five generalizes (see de Raad et al., 2010 and the large related literature on this issue); there is little expectation that the facet- or item-level structure generalizes even moderately across cultures. But that is not a failing of this paper! It is the expected reality of phrased personality items (containing contextualized content) when administered to a diverse range of cultures and sub-cultures.

As I write this review, protestors across the U.S. and beyond are rallying in condemnation of pervasive, systemic racism. My field (personality), my institution, and even my own research program contribute to this persistently, if only on the margins and without intention. One way that diversity and inclusivity can be addressed is to re-evaluate whether the consequences of our claims do more harm than good. I would be remiss if I did not point out (again) that this paper is an opportunity to describe these widely-used data as deeply flawed, and then frame the work as a methodological advancement, ready for application to additional data sets, if/when they become available in the future. And maybe to also call for the urgent need to collect such data! Several research teams are working on this.

We agree that this is an important, and timely, issue. To address concerns about generality of these findings, we have retitled the paper "A facet atlas" rather than "The facet atlas" and we have revised the text in the manuscript accordingly. We have also restructured the paragraph about limitations of the ESCS to better communicate limitations of this dataset. On p. 22, we now write,

"As a broader point, the ESCS has been heavily utilized in past examinations of personality structure (e.g. (10,12,30)) because participants have completed such a wide variety of personality measures. The unfortunate side effect of this overreliance on the ESCS and samples with similar composition is that our research on personality structure often excludes broader nonwhite populations, even within the US. To rectify this, future work that collects data used to study personality structure using many facet scales must actively focus on sample diversity (such as (71)). We eagerly anticipate future, more representative atlases."

2\. I would not call this \"The Facet Atlas\", for two reasons. First, many of these frameworks are not measuring facets and this is not a trivial methodological or semantic distinction, no matter how it may seem. The word \"facets\" has a specific meaning and many of the scales included here are not facets. The BFAS for example (introduced in a paper titled, \"Between Facets and Domains: 10 Aspects of the Big Five\") and also the MPQ, the 16 PF, and the BIS/BAS scales. (As a side note, it would be nice to have some explanation as to why these frameworks were included as they are not Big Five/FFM based, are not facets, and several of them appear quite peripheral). Second, \"The Facet Atlas\" suggests a more robust reference than can be justified given the data. Even if the ESCS sample did not suffer from severe homogeneity, I would still want to have multiple samples before using such a term. Maybe \"a facet network\" or something similar?

We respectfully disagree with the claim that there is a specific, agreed-upon meaning for facets. For example, combing through DeYoung's work on aspects, that they are not termed facets seems to be an arbitrary decision -- they do not differ from other facet solutions in a substantive theoretical way, there are just fewer of them. Other work similarly seems to define facets more by what they aren't (domains or specific behaviors) rather than by what they are, and we follow that trend here:

On p. 3, we now clarify our definition of facets:

"(for the purposes of this paper, we define a personality facet as any personality trait that is narrower than a domain yet broader than a specific behavioral nuance)."

Regarding scale inclusion, on p. 9, we better clarify that

"\[We\] included omnibus scales with either explicit hierarchical structure, hierarchical structure validated in other studies, or that measure many traits, such that each trait would approximate the scope of a facet."

We believe that erring on the side of inclusivity allows this atlas to be applicable to a greater body of existing and future research.

From attached review provided by reviewer 3:

3\. I am not able to access the supplementary materials here, but the description of the sample in the Methods section really should be further developed. The authors reference the summary by Saucier but readers of this article need details \-- more educational attainment info (just says 20% have college degrees), more info about the distribution of age (the range suggests that the data are more evenly distributed than is the case), more details about the actual sample sizes (N=1142 is also misleading; what matters is the range of effective n\'s). I also think it would help to include some description of how the participants were recruited and retained \-- they were solicited through a widespread mailer campaign to \>10,000 homeowners in the Eugene-Springfield area and were paid (how much? I think \$30) to respond to each of the many mailers (how many were needed to collect these data?). These issues of recruitment/retention underscore the likelihood of strong selection effects based on psychological attributes in addition to the obvious concerns about demographics.

We have added more information about ESCS sample composition based on the details provided in the most recent technical report. On p. 9, we now write,

"ESCS participants were recruited through a mailed invitation in 1993 and completed a variety of personality questionnaires sent in separate mailers beginning in 1993 (N = 1,134), with 88% retention over the following 10 years. In 1993, participants ranged in age from 18-85 (M = 49.67, SD = 13.08), and 34.7% of participants were ages 40-49. The sample was composed of 57% women, 98.4% European-Americans, and 59% of participants had at least a college degree. The ethnic and geographical homogeneity of the ESCS limit the generalizability of results, as we note in the discussion section. The number of participants varies by scale, as questionnaires were over a period of 2 decades. The items in some scales were administered over a period of multiple years, leading some facet scales within the same questionnaire to have different sample sizes."

Additionally, In the abstract and methods section, we now clarify that pairwise Ns = 571-948.

4\. Some discussion of the decision to omit the \"ability\" facets of the HPI should be included in the text of the manuscript. There is debate in the literature about the extent to which the Big Five covers cognitive abilities (see DeYoung, 2011). This seems like a missed opportunity. If these scales are omitted based on evidence that they don\'t fit (presumably bc they are too peripheral to the Openness network), this is worth detailing.

On p. 10, we write that

"we omitted nine HPI facets (science ability, intellectual games, education, math ability, good memory, reading, self-focus, impression management, appearance) that measured ability, as these scales did not correlate highly with other facet scales."

In other words, these scales did not load highly on any of the Big Five and were extremely peripheral (to the extent that they distorted network visualizations). We believe that this is certainly interesting, but the debate between personality traits and ability is a complex one that goes beyond the scope of this manuscript.

5\. I was generally confused by the section about the BFAS in the Results (currently pages 15 and 16). No rationale/introduction for this work (or the Impulsivity work) is given in advance and I don\'t see the justification for singling out the evaluation of this measure over some of the others. If anything, I think this serves to reify the BFAS in a manner that is misleading \-- as the authors state, the BFAS was developed using the exact same data and measures used here (the AB5C and NEO-PI-R).

If the authors choose to retain this section (which I do not recommend), more support should be given to their claim that new information is gained from these analyses. With respect to the first point, I am confused as to how the aspects could not be in the \"core\" of each domain? After all, they are derivative of the 75 AB5C and NEO facets. This is not a test of the BFAS structure/orientation at all really but rather a test of the relationship between the AB5C and NEO to all the other measures.

The second point also needs further clarification. Factor analysis does not necessarily produce scales that are maximally distinctive (as stated) --- this is driven by analytic decisions made in the factoring process. Many hierarchical scales have highly correlated sub factors, either by design or due to the nature of the domain being measured. For the BFAS, the distinctiveness of the scales was driven by the use of orthogonal rotations in the second stage of scale development. There is benefit to knowing the orientation of the two BFAS aspects relative to each of the 5 factors \*excluding\* the NEO and AB5C data but this would require new network plots. The current plots are misleading (with respect to this point specifically) because they are heavily influenced by the same data originally used to derive the BFAS.

This leaves only the 3rd "test", which does not provide very compelling support for the BFAS. I don't think that makes it less interesting; in fact, the authors may benefit from noting that I have had considerable difficulty replicating the BFAS structure in independent samples. But, having only this one point changes the tone of that whole section as the section currently seems to be supportive of the BFAS model.

We now provide a better introduction to this section. On p. 9 of the introduction, we now write,

"\[W\]e showcase how this facet atlas can be used to better understand particular constructs by examining facets measuring impulsivity, and we illustrate how it can test structural hypotheses contained within measures by examining the Big Five Aspect Scales."

Regarding the first test, it is not true that BFAS scales must be in the core of each domain because they were derived from IPIP versions of AB5C and NEO items. Indeed, as a consequence of the orthogonal factor analytic process used to derive the BFAS, which maximized the distinctiveness of the two aspect scales within each domain, it is possible that the two scales "split the middle" and do not measure the core. We believe that this test is therefore informative.

Regarding the second test, we do not mean to imply that all factor analyses create maximally distinctive scales. On p. 18, we now write,

"A consequence of the specific factor-analytic procedure used to derive the BFAS is that, because the two aspect scales in each domain were rotated to be orthogonal, they should each measure distinctly different content."

\*\*\*

Reviewer \#4:

1\. I'll note my identity at the outset as Doug Samuel as this is relevant in terms of possible Conflicts of Interest. Primarily in that I have collaborated with some of these authors recently. I have also worked with Dr. Hopwood on numerous projects in the past and consider him a friend. I also note that my graduate student (Meredith Bucher) and I have been doing somewhat related work in terms of trying to organize facet scales. We have done so using the AB5C framework explicitly (Bucher & Samuel, 2018 in Journal of Personality Assessment; and other Bucher & Samuel that was just accepted pending revisions at Journal of Research in Personality). I don't see either of our papers as competing with the present effort, but do want to be upfront about an possible COIs as I suggest references below.

This is a paper that uses the Eugene Springfield Community Sample (ESCS) to conduct a network analysis of 268 lower-order scales, across 13 personality measures to determine how closely the relate to each other and arrive at an estimate of which content was most common across the different measures. This led to an interesting product of a web-based app that would allow this information to be adapted and used by researchers or clinicians. I found this paper to be clear and easy to read. It had a number of older citations that showed a good command of seminal literature. That said, the authors unfortunately missed some very relevant citations that are key to this paper, including a major one that undertook very similar analyses in this same dataset. Woods and Anderson (2016) also used the ESCS to examine the degree of overlap of facet scales with the ultimate goal of creating a "periodic table of personality" (Woods, S. A., & Anderson, N. R. (2016). Toward a periodic table of personality: Mapping personality scales between the Five-Factor Model and the circumplex model. Journal of Applied Psychology, 101, 582--604.). This Woods and Anderson paper covers much of the same ground as the present paper and as such it simply must be incorporated into the background. My opinion is that there is sufficient differences in method, as well as product that it does not suggest this current paper shouldn't be published, but it will need to be contextualized in terms of what has already been done and compared to those results. I think this becomes most tricky in terms of the wording. That paper aimed to provide a "periodic table of personality" and this one aims for a "personality atlas." IMO, there may be differences there, but they are subtle and the present authors will need to take great care to explain how this is different and/or the same.

We thank the reviewer for pointing out this citation. This paper serves as a nice complement to the present investigation of blended facets, and as such we summarize it on p. 5.

"One past effort sought to create a circumplicial periodic table of blended facets, using 8 questionnaires assessed in the same dataset as the present study and two questionnaires assessed in a different sample \[30\]. Woods and Anderson (2016) identified 22 common blends and provided a term for each (for example, high conscientiousness and low extraversion was termed cautiousness). Notably, although they found content to represent most Big Five blends, they found very little content measuring either positive blends or contrasts of agreeableness and conscientiousness. In the present study, we investigate if this finding holds when additional facets are included from other hierarchical personality inventories, and we investigate whether some facets contain blends of three or more Big Five domains."

We also cite this paper in the discussion section, on p. 20.

Although both studies provide analyses facet blends using primarily ESCS data, we believe that the two papers have quite different (and complimentary) goals. Specifically, the periodic table of personality aggregates different facet scales from many inventories, creating a summary of each blend of two Big Five traits within a circumplex, whereas this facet atlas retains the focus on each individual facet scale and uses a hierarchical approach to personality structure.

2\. Additionally, the authors should consider citing a 2016 editorial by Ziegler & Backstrom that appeared in European Journal of Psychological Assessment (issue 32, pages 105-110) that also took a look at trying to sort through various facets. Another work to consider that is aimed at a similar goal is by David Condon and Bill Revelle. I am honestly not sure what is the best citation for it, but this one might be it (<https://openpsychologydata.metajnl.com/articles/10.5334/jopd.32/>). My understanding was that they were aiming to create an omnibus measure that represented a consensus list of facets across many inventories.

We have added citations of Ziegler and Backstrom (2016) on p. 3, and Condon et al. (2017) on p. 23.

3\. As I mentioned, Meredith Bucher and I have published one paper that created a short form of the AB5C and then used new data to sort major faceted inventories (HEXACO and NEO) into the that context. The AB5C specifically is very relevant to the present paper as the authors repeatedly focus on the circumplex tradition and the promise it holds for understanding facets (page 4 of the present paper)...which is of course the entire idea behind the AB5C, so it would be helpful to cite as support here. In our 2018 paper (JPA; issue 101:1, 16-24) we found that some domain blends were less well-represented than others, so this is quite relevant to current discussion. In particular, our 2nd paper is specifically looked at those facets of the AB5C that weren't performing quite as expected in terms of primary and secondary loadings to see if new items (from the IPIP) would improve this. Interestingly, we find that the specific facet that blends high agreeableness and low conscientiousness was not able to be measured well. We interpret this as being an area of personality space that may well be less populated. We don't go so far as to say its vacant, but the combination of findings across studies suggest there are few, if any, words in the lexicon that map into this space and we couldn't not locate suitable items to measure that combination. In short, it seems to be an area of the personality space that seems to have been uncommon (or unimportant) that it was not encoded into language or common measures. We hope to have this accepted soon, but I'd be happy to share the version informally. As it pertains here, I'd appreciate the authors digging more into those less populated facets in their writing.

We were also quite intrigued by this finding, and we now discuss it further on pp. 20-21.

"Two particular types of facet blends, between extraversion and openness, and between agreeableness and conscientiousness, were uncommon in the facet atlas. This finding was relatively surprising, as these two pairs of domains are typically intercorrelated \[65\]. The paucity of blends between facets of extraversion and openness does not appear to reflect empty space, as we did identify a few positive blends (TCI exploratory excitability and AB5C leadership) and a few contrasting blends (AB5C introspection and sociability). Also, past circumplicial research has also found that facets measuring ingenuity, creativity, and bold leadership measure a blend of high openness and high extraversion \[30,67\]. Rather, it seems that scales measuring blends of extraversion and openness are just uncommon. Developing scales that explicitly measure a blend of these traits may be useful, as they form the metatrait of plasticity and have been theorized to function in tandem as part of the approach system (68). In comparison, the lack of blended content between agreeableness and conscientiousness may reflect trait space that is necessarily sparser. We found one negative blend (AB5C rationality) and three positive blends (AB5C dutifulness, AB5C morality, and HEXACO fairness), and other research has similarly struggled to identify blended content between these two traits (69). We note that each of these four facets connotes some sort of interpersonally-focused rule adherence, which is a common behavior in everyday life but does not seem to be well-encoded into the language of stable individual differences (as evidenced by the fact that we cannot identify a single-adjective term to describe this kind of behavior). Future research may wish to further delve into the personality space occupied by a blend of agreeableness and conscientiousness, and to develop scales that explicitly measure this content. Doing so could augur a more comprehensive approach to personality assessment."

4\. The authors do a reasonable job of noting the strengths and weaknesses of the ESCS. The demographics are less than ideal, but it has a great set of measures (that is thorough, but not comprehensive). That said, more needed to be said about the complications of correlating measures that were administered up to a decade apart from each other. This is important as it relies upon the input to dictate the output. These are more "consensus" than completeness (e.g., it won't "resolve" anything"). A key limitation is that the "items in some scales were administered over a period of multiple years" as noted on page 9. Some scales you are correlating are measured a decade apart. What impact might this have?

In initial drafts of this article, we statistically corrected for measurement unreliability according to the formulas for decay of personality stability over time derived in Anusic and Schimmack (2016). Interestingly, because the decay reaches its asymptote rather quickly, according to their meta-analytically derived formula (after around 3 years), these corrections had very little impact on the correlational structure of the data. Nonetheless, we agree that this is worth noting in the paper. On p. 12, we now write,

"Because some ESCS scales were administered years apart from one another, some correlations may be somewhat attenuated (see (60))."

5\. It was also not clear how big the sample was for the network analyses. It is not clear, but I would understand based on the variability in Table 3 that some sort of deletion was used for given correlations. But when this was for the entire collection of measures, did you also use listwise deletion? If so what was the final sample size? Or were missing data imputed?

On p. 11 of the methods section, we now clarify that

"For each Big Five domain, we then estimated a full (rather than partial) correlation matrix, using pairwise deletion, which described associations among facets."

In the abstract and methods section, we now clarify that pairwise Ns = 571-948.

6\. I also encourage the authors to clearly define what they mean by "core." Given the method, it means here that is the most common within the measures used here. It is NOT the lexical core or mean to be the "center" of the domain. I personally would prefer a term like "consensus" or the "common denominator" as this more clearly reflects what it means. This has important implications for the discussion in particular as the authors wrote "Network theory suggests that change to a network's central nodes may cascade through the rest of the network \[32\]. This idea is appealing to intervention researchers who seek to use focal interventions to enact relatively far-reaching personality change \[66\]. Figures 1-5 provide some guidance about which facets are more or less core, and thus may represent better or worse targets for domain wide change efforts." IMO, this is not necessarily correct. These analyses tell us what is most commonly included among these 13 measures. That doesn't mean they are at the center of the lexical factor, nor that it is causally core in the way that is implied by the above example. We would need more data to make that comparison; ideally longitudinal data.

Similarly, what you call periphery doesn't mean it is "less relevant" (although it might), but here it only means it is less common across these measures. For all we know, a very uncommonly assessed facet might turn out to the be the most "central" or "core" of a domain.

On p. 5, we define core in empirical terms,

"Some facets are situated conceptually and empirically at a domain's core, as indicated by strong correlations with many other facets within that domain."

Because the content of personality questionnaires reflects the test constructors' theories about personality structure, the least commonly assessed facets are those least often theorized to be important to measuring domain. Nevertheless, if these uncommonly assessed facets correlate highly with other facets, they will appear near a domain's core. In this way, patterns of covariance and frequency of inclusion work together to allow us to accurately map a domain's core and periphery from a transtheoretical perspective. We reiterate this tests-as-theories logic to readers on p. 6:

"The abundance of personality measures in the ESCS provides a unique opportunity to identify a transtheoretical core to each Big Five domain by triangulating across personality facets from many inventories."

This comment brings up a broader point, which is that structural theories based on patterns of covariance do not necessarily map onto reality. As such, if the term core is taken to mean something beyond our definition like "the common biological aspects underpinning a group of traits," it is quite possible that an uncommon facet may turn out to be core. However, this perspective on personality structure is outside the scope of the present paper.

To address the second part of your comment, we acknowledge that whether change cascades from the core is rather speculative and best tested using longitudinal data. As such, we have removed that paragraph from the manuscript.

Minor points:

1\. I was not certain of the point of the BFAS-specific focus in the discussion. Why single out the BFAS over any of the other measures?

We use the BFAS to illustrate how hypotheses about the structural properties of an instrument can be tested using network visualization. We now clarify this on p. 9 of the introduction, as well as in the abstract. In particular, the BFAS serves as a good illustrative example for this paper because it contains relatively few scales (and can thus be illustrated relatively briefly) and because the logic and hypotheses underlying its construction is laid out clearly in DeYoung et al. (2007).

2\. I was surprised to see the authors correct using Cronbach's alpha. Of course, as the authors know, alpha is not an index of true reliability. Les Morey's address at SPA in San Francisco a few years ago provided a number of examples of how alpha was not a measure of reliability and why correcting using that could lead to skewed estimates of this. Test-retest dependability would be a much stronger correction. In the absence of test-retest over a short period (Watson, 2004), I would encourage the authors to just abandon corrections at all. I realize that may sound extreme so I'd also be content if they simply provided the uncorrected results as well.

We agree that these corrections are rather rough, as we note in the limitations section. However, as we write on p. 12,

"Because the facet scales in this study varied in length from 1 to 46 items, it was especially important to correct for measurement error due to scale length ... we lacked item-level information for some scales."

Unfortunately, this lack of item-level data (and test-retest data) means that our only option to correct for unreliability was by using alpha. This correction for unreliability can be toggled in the facet galaxy app, allowing readers to compare corrected and uncorrected results side-by-side. When this is done, the major effect on the networks is that brief facet scales (such as those from the BFI) are pushed towards the network peripheries because of their lower reliability.

3\. On page ?? you say with regard to blended traits that "basic and applied personality researchers seem reluctant to incorporate this complex, blended reality into personality assessment and theory." Can you give an example of the relucatance? I don't personally see such a reluctance, but maybe I'm not clear on what is being communicated.

On p. 19, we now clarify,

"\[B\]asic and applied personality researchers seem reluctant to incorporate this complex, blended reality into personality assessment and theory, as evidenced by the simple structure implied in most non-circumplicial personality measures (e.g. \[8,10,12\])."

###### 

Submitted filename: Response to Reviewers.docx

###### 

Click here for additional data file.

10.1371/journal.pone.0236893.r003

Decision Letter 1

Sudzina

Frantisek

Academic Editor

© 2020 Frantisek Sudzina

2020

Frantisek Sudzina

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

16 Jul 2020

A facet atlas: visualizing networks that describe the blends, cores, and peripheries of personality structure

PONE-D-20-09874R1

Dear Dr. Schwaba,

We're pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it meets all outstanding technical requirements.

Within one week, you'll receive an e-mail detailing the required amendments. When these have been addressed, you'll receive a formal acceptance letter and your manuscript will be scheduled for publication.

An invoice for payment will follow shortly after the formal acceptance. To ensure an efficient process, please log into Editorial Manager at <http://www.editorialmanager.com/pone/>, click the \'Update My Information\' link at the top of the page, and double check that your user information is up-to-date. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to help maximize its impact. If they'll be preparing press materials, please inform our press team as soon as possible \-- no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

Kind regards,

Frantisek Sudzina

Academic Editor

PLOS ONE

10.1371/journal.pone.0236893.r004

Acceptance letter

Sudzina

Frantisek

Academic Editor

© 2020 Frantisek Sudzina

2020

Frantisek Sudzina

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

20 Jul 2020

PONE-D-20-09874R1

A facet atlas: visualizing networks that describe the blends, cores, and peripheries of personality structure

Dear Dr. Schwaba:

I\'m pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please let them know about your upcoming paper now to help maximize its impact. If they\'ll be preparing press materials, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

If we can help with anything else, please email us at <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE and supporting open access.

Kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Frantisek Sudzina

Academic Editor

PLOS ONE

[^1]: **Competing Interests:**The authors have declared that no competing interests exist.
